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Mnr IT * L 6lateS t0 3 meth0d f0r the P r «P«*>n of diphenylsiloxane^imethylsiloxane copolymers 

^iT a t So!T P <. ' n I ent T relat6S *° the P re P aration * diphenylsiloxane-dimethylsiloxane copojmers that 

bonded to STlfT ° r f anofunct,ona ' 9 r ° uP at i,S moleCU,ar Chain termina,s - wherein organofunSnal group is 
bonded to the s. Icon atom across a d,valent organic group and wherein said organofunctional group is selected from 
the group comprising the am.no group, epoxy group, carboxyl group, and hydroxy! group 

im Da rtTr r T , iL S ' l ° XaneS 1 COn1ainin ? flf n .°[ unctional 9 rou P s ara employed as modifiers of organic resins in oider to 
TSl* ttle f prop K f es a ssoaated with organopolysiloxanes. for example, weathering resistance, surface water 
repellency. lubrication, biocompatibility, gas permeability, and the like 

prv,wS'fi Cti0nal0r9a I 10p0lySi,0XaneS are known ' for exam P' e ' in form of amino-modif ied organopolysiloxanes 
lo^^l^ a ^^ XaneS ' metha ^y-modified organopolysiloxanes. carbinol-modmed organo™^ 
loxanes. and cartx.xyl-modif.ed organopolysitoxanes. These organofunctionalorganopolysiloxanes are generalfVpre- 
fl£ ^ reaCt '° n betWeen corres P° ndi "9 -SIH-containing organopolysiloxanes and 

geSX^ZX S pcCrn 9 es me — ^ — — - organopolysiloxanes have 

dimpml^ r0< ? UC,i0n ? di P hen y |siloxane uni * '"to dimethylpdysiloxanes in oider to improve the properties of 
™?Kr y r neS eXample> radiati0n resistance ' hea * resistance, noncombustibi.ity. low-temperature flexibility 
.° r9an,C r6S,r : 15 Well " kn T • Accordin 9'y- one w °" ld ^-ally expect that organofuT^cnaldiph^ 
? copolymers would be ideal modifiers for organic resins. However, such diphenylsiloxane- 

tZ ™? OP ° ? ! eret ° fore femained UnKnOWn dUS t0 the Pr0blems associated with » e Preparation 
of the -S.H-conta.nmg diphenylsiloxane-dimethylsiloxane copolymers from which the organofunctionakliphenylsi- 
loxane^methy.si.oxane copolymers are synthesized. The problem is that scission occurs at the silicxTnXnyroond 

^ ,' S 35 P ° ,ymeri2a « on cata 'y* for * a -SiH-containing dipheny.si,oxane^mJtS- 

loxane copolymer, wh.le sc.ss.on occurs at the silicon-hydrogen bond when a basic catalyst is used 

nw Jin ZtlTl '"IT? f"!!* Pr ° P ° Sed * m6th0d for P re P ara «on of diphenylsiloxane-dimethylsiloxane copoly- 
mers ,n Japanese Patent Apphcation Number 2-114177/65. However, the diphenylsiloxane^limethylsiloxane «£3J- 

Z^ rOPOS6d ' n ** Japan6Se Patent has silanol groups located at the molecular chL terminal 

therefore is not an organofunctional copolymer. Sl ana 

mn^nZ?~ e ? '""^^ T^"* 35 the P re P aration ° f diphenylsiloxane-dimethylsiloxane copolymers that 

boncS 2 nfir °7 nofu t n h ct,onal 9 rou P * *• secular chain terminals, wherein uUovniJSSS^SSt 
™J™ T at ° m W ' th 3 d,Valen, ° r9aniC 9roup and wherein organofunctional group is selected from tt£ 
group compnsmg the ammo group, epoxy group, carboxyl group, and hydroxyl group. A further object of the desert 

"Tonf I '^T" ° f h ^ ^ ^ PreParati ° n ° f S3id ^enylsilLne^imethylsito Je copoIXT 
pj£KS&'^^ P ^ inVenti ° a di P^.oxaneKtimethy,si,oxane copolymers are pre- 
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I I 3 I | 

R-SiO-(SiO) -(SiO) -Si-A 

I I I n | 

R CH 3 C 6 H 5 R 

^fn^. iS 8 ^o^'^rvdrocarbon group; A is in organofunctional group selected from the group comprising the 

IZn^T* Ca ?° Xyl 3 ? h K ydrOXy ' 9r ° UPS> Wh6rein SUCh 9r ° upS are bonded to si,ic ° n a *>ms through diva.e* 
organ.c rad.cah m and n are both posrtive numbers such that they give a number-average molecular weight for me 
copolymers in the range of 500 to 100,000. weiyru ror me 

In a second embodiment of this invention, copolymers are prepared with the following general formula: 

R CH-, C,H,. R 

A-SiO- (SiO) -(SiO) -Si-A 

I I m I " | 

R CH 3 C 6 H 5 R 
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wherein R is a monovalent hydrocarbon group; A is an organofunctional group selected from the group comprising the 
aminoalkyl, epoxy, carboxyl and hydroxyl groups, wherein such groups are bonded to silicon atoms through a divalent 
organic radical; m and n are both positive numbers such that they give a number-average molecular weight fa the 
copolymers in the range of 500 to 1 00,000. 
5 Thus, the present invention is a method for the preparation ol diphenylsiloxane-dimethylsiloxane copolymers 

wherein said method consists of: 

(I) contacting a polymerization initiator (i) with (ii) a mixture of hexamethylcyclotrisiloxane and hexaphenylcyclotris- 
iloxane in an aprotic organic solvent to form a first copolymer; 
w (II) contacting the copolymer from (I) with a (iii) a diorganohydridohalosilane to form a silicon hydride-modified 
copolymer; 

(III) reacting the modified copolymer from (II) with (iv) an aliphatically unsaturated compound that contains an orga- 
nofunctional group selected from the group comprising the aminoalkyl, epoxy, carboxyl and hydroxyl groups in the 
presence of a hydrosilylation catalyst, and 
15 (IV) recovering the diphenylsiloxane-methylsiloxane copolymers. 

The diphenylsiloxane-dimethylsiloxane copolymers according to the present invention have the following general 
formula 

20 R CH- C A Hc R 

| | 3 I 6 5 I 

R-SiO-(SiO) -(SiO) -Si-A 

I | Hi | 1 1 j 



25 



CH 3 C 6 H 5 



30 



or. the following general formula 



R CH, C,H, R 

I I 3 I I 

A- SiO- (SiO) -(SiO) -Si-A 

I I I I 

35 R CH 3 C 6 H 5 R 



They thus contain at least one organofunctional group at the molecular chain terminals. R in the preceding formulas 
represents monovalent hydrocarbon groups, for example, alkyl groups such as methyl, ethyl, propyl, butyl, and pentyl; 

40 alkenyl groups such as vinyl, ally!, and butenyl; and aryl groups such as phenyl and tolyl. A represents an organofunc- 
tional group selected from the group comprising the amino group, epoxy group, caitooxyl group, and hydroxyl group, 
wherein in each case, they are bonded to the silicon atom with a divalent organic group. This organofunctional group is 
specifically exemplified by the amino group, e.g., the amino group itself as well as the dimethylamino group, diethyl- 
amino group, and aminoethylamino group; by epoxy groups such as glycidoxy and 3,4-epoxycyclohexyl; and by the car- 

45 boxyl group and hydroxyl group. The divalent organic group is exemplified by alkylene groups such as ethylene, 
propylene, and butylene, and by alkyl en eoxyalkylene groups such as ethyleneoxyethylene, ethyleneoxypropylene, and 
propyleneoxypropylene. 

The subscripts m and n in the preceding formulas comprise positive numbers that provide a number-average 
molecular weight for the copolymers of 500 to 100,000. When the number-average molecular weight falls below 500, 
so the diphenylsiloxane-dimethylsiloxane copolymers according to the present invention provide an unsatisfactory effect in 
their application as organic resin modifiers. The reactivity with organic resin monomer declines when the number-aver- 
age molecular weight exceeds 100.000. 

The reaction steps in the preparative method according to the present invention are explained in detail below. 

The reaction step (I) comprises contacting a polymerization initiator(i) with (ii) a mixture of hexamethylcyclotrisi- 
55 loxane and hexaphenylcyclotrisiloxane in an aprotic organic solvent to form a first copolymer. 

The aprotic organic solvent, is exemplified by aromatics such as benzene, toluene, and xylene; ethers such as tet- 
rahydrofuran and diethyl ether; aliphatics such as hexane and heptane; ketones such as acetone and methyl ethyl 
ketone; esters such as ethyl acetate and butyl acetate; as well as dimethylformamide, dimethyl sulfoxide, and hexame- 
thylphosphoramide. These may be used in mixtures of two or more. For example, in the case of the use of a weaWy 
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polar organic solvent such as toluene, excellent effects are obtained from the addition of a highly polar organic solvent 
IeaS 0 r d ' methyl,0rmamide - dime W s "e. °r hexamethy.phosphoramide. for the purpose of accele^ng tne 

Component (i) is a polymerization initiator for the present invention. It is an organolithium compound The oraano- 
oT^Z^T IS 6XemPlif ^ by n - bu ^ Whium - methyllithium, and phenyllrthium^-Butyllithium anTmethylS are 
preferred based on econom.es and ease of acquisition, and n-butyllithium is most preferred. The lithium silar^late is 
SSSTiS. ^ Wanolate. Irthium dimethylviny.si.ano.ate. lithium tripLytei.ano.ate alZ.o^i ^ 
o yd-methylsiloxane. and alpha.omega-lithioxydiphenylsiloxane. Methods for the preparation of these irthkim 

. ~ to ant tn^h ft readMy Pr6Pared by th6 r6aC,i0n 0< o^'anols or sLol-containing or^nopd^ 

»« loxanes with lithium metal or lithium hydroxide or alkyllithium. "K~iy=>" 

wh .^^h!" 1 0) Sh0Uld be Pr6Sent in SUftiCient quantity to brin S ^ the Polymerization reaction of component (ii) 
While its addition ,s not particularly restricted, in specific terms it should be added so as to give values <7lM o to 01 
1 00 tor the ratio of the number of moles o< lithium in component (i) to the number of moles of silanol groups in the mix- 
ture, and this ratio preferably falls within the range of 0 5 99 5 to 1 00 0 

' S sa^Z^^r^t 15 exempli,ied b * silanol-containing organosilanes. silanol-containing organopoly- 

s.loxanes. and water. They can be prepared as a mixture of polymerization initiator component (i) and the molecu^- 

S ^ T^ 9 0Ut ^ Pr6ParatiVe reaC,i ° n for the Polymerization initiato^omponen^^ 

moles of lith,um mete compound than moles of silanol groups in the silane or organopolysiloxane. The number-ale^ae 
molecular weight of the d. P henylsiloxanedimethy.siloxane copolymer afforded by the polymerization relrtton undeT 
cons.derat.on can be freely reguteted through the ratio between the total number of mSes o ^aS 
component (.) and term.na. groups in the molecular-weight regulator and the total number of moli of monoZ Sn- 

♦ ho I?; 6 TT Star l!? 9 material f ° r com P onent W is hexamethylcyclotrisiloxane and hexaphenylcyclotrisiloxane While 
he ratio between them ,s not specially restricted, the presence of hexapheny.cyclotnsiloxane in large p^portons 
^ 5 7 fl Cr f e h " the " uant ties °< ""^cted hexapheny.cydotrisiloxane and cyclics generated by secTdarJ 
react ons. As a result, the composition of the diphenylsiloxane-dimethylsiloxane copolymer product will not mate* tte 

EES H 9ed i a T ; he , yie,d is also reduced 11 is • M «* w preferred that » «S m" 

mole% hexaphenylcyclotns oxane. However, in order to accrue the effects associated with ^reduction of the diphTny^ 

nlnTS Z • com P° ne "V" ) , pre,erab,y contains at ,east 3 mo,e% hexaphenylcyclotrisiloxane. In addition. nonSnS- 
nent (.,) hexaorganocyclotris.loxane can also be copolymerized in this reaction. Hexaorganocyclotrisiloxane useStefor 
his purpose is exemplified by 1.3.5-trif.uoropropy.-1.3,5-trimethy.cyc.otris i .ox a ne. LmSS^SSSSS 
loxane. 1,3.5-tr.methyl-1.3.5-triethylcyclotrisiloxane. and hexaethylcyclotrisiloxane stira.uoropropyl)cyclotns. 
rv*J!l? p °' ymer ' 2ation reaction in this fir *« step is preferably run for 1 to 50 hours at a temperature up to the boiling 
po.nt of the aprotic organic solvent. The polymerization reaction temperature and the polymerization reaS^nlime 
should be appropriately selected with a view to minimizing the occurrence of wdtaWutanStaTEJ tota^jT 

S?S 1 ^7 era,U ; e mUS< n0t 6XCeed the ^ P° int of the P ar ««" a ' organic solvent used " pSfi 
m fS^'" ° rdSr 10 minimi2e redistribution actions. However, the polymerization reactton teSSS 
should be at least 20°C ,n order to obtain a desirable polymerization reaction rate temperature 

a nJ* * Prt l erred me,h0d - conversion in this Polymerization reaction is monitored typically through the use of an 
analytic^ instrument such as a gas chromatograph. gel permeation chromatograph. anoMhe like, andtte 
tion reaction ,s stopped by a neutralization step when the particular desired Version has I^SkSTSSS 

?00% SI fh T f r 9e ° f 80 t0 100% and partiCU ' ar,y preferred fa » ««Sn £ of 

100 fc. When the polymer.zat.on react.on iscontinued after the conversion has reached 100%. the molecular weiqhidi" 

^'^^^^-e copolymer product is broadened due to the occC££!32£. 

ISrSTi n q T ' ° ? C " C by - products also increa ^- Accordingly, when the conversion has reached 
100 /«. it will be necessary to promptly halt the polymerization reaction by a neutralization step. The neutralize aaent 
employed to stopthe polymerization reaction can be. for example, the diJganoha.osi.ane comprising consent So 
an acid that reacts with the hth.um silanolate to form a stable lithium salt. This acid is exemplified by minSTacids suS 
as carbonic acid, hydrochloric acid, and sulfuric acid and by carboxylic acids such as acSc acid pTpSl aS a^ 
acrylic acid. In the case of neutralization by acid, the silanol group will appear at the molecular chain terminal of 

T^^^^^ " 6 - ^ *" " ke - S6C0nd ' StGP ^ 66 ™ SimU ' taneOUSly — 

pr odSSSi The^eTsc^ « and the 

When an acid neutralization is carried out in the first-step reaction, the product is diphenylsiloxane-dimethvlsi- 
loxane copolymer bear.ng the silanol group at the molecular chain terminal(s). In the second-step^ SSSnSSS- 
atomlX mXT ( : i)iS added ? this particular P^«ct in order thereby to introduce the silicon^ 
atom at the molecular chain terminal(s) of the diphenylsiloxane-dimethylsiloxane copolymer through a dehy^oSo^ 
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ation reaction. The use of a hydrogen halide scavenger in this condensation reaction is recommended, for example, an 
amine. Component (iii) is exemplified by dimethylchlorosilane, dimethylbromosilane, diethylchlorosilane, and phenyl- 
methylchlorosilane. 

In step (III), the product from this condensation reaction is addition-reacted, in the presence of a hydrosilylation cat- 

5 alyst, with (iv) an aliphatically unsaturated compound that contains an organofunctional group selected from the group 
comprising the amino group, epoxy group, carboxyl group, and hydroxyl group. 

Component (iv) comprises the aforesaid aliphatically unsaturated compound that contains an organofunctional 
group selected from the set comprising the amino group, epoxy group, carboxyl group, and hydroxyl group. This com- 
ponent is specifically exemplified as follows: amino-containing aliphatically unsaturated compounds such as allylamine, 

10 cyclohexylallylamine, propylallylamine, and aminoethyiallylamine, and these compounds whose active hydrogen has 
been replaced by the triorganosilyl group, e.g., trimethylsilylallylamine, trimethylsilylcyclohexylatlylamine, and trimethyl- 
silylpropytallylamine; epoxy-containing aliphatically unsaturated compounds such as glycidoxy vinyl ether and 3,4- 
epoxycyclohexylethene; carboxyl-containing aliphatically unsaturated compounds such as 3-butenoic acid and 9-dece- 
noic acid, and these compounds whose active hydrogen has been replaced by the triorganosilyl group, e.g., trimethyl- 

15 silyl 3-butenoate and trimethylsilyl 9<Jecenoate; and hydroxyl -containing aliphatically unsaturated compounds such as 
allyl alcohol, isobutenol, and allyfphenol, and these compounds whose active hydrogen has been replaced by the trior- 
ganosilyl group, e.g., trimethylsilyl allyl ether and trimethylsilyl isobutenyl ether. 

In step (III) between the product from the above-described condensation reaction and the aliphatically unsaturated 
compound comprising component (iv), the latter should be used in at least an equimoiar quantity relative to the former. 

20 The diphenylsiloxane-dimethylsiloxane copolymer according to the present invention can be purified by distilling off 
unreacted component (iv) and low-boiling components by heating in vacuo. When component (iv) is an amino-contain- 
ing, carboxyl-containing, or hydroxyl-containing aliphatically unsaturated compound, it is preferred that its active hydro- 
gen be preliminarily substituted by the triorganosilyl group. In this case, after running the third-step addition reaction 
and vacuum distillation of unreacted component (iv) and low boilers, a de-triorganosilylation reaction is then run and the 

25 low boilers are again distilled off by heating in vacuo. Triorganosilyl groups useable for this purpose are exemplified by 
trimethylsilyl, triethylsilyl, phenyldimethylsilyl, and tert-butyldimethylsilyl. The trimethylsilyl group is preferred for its ease 
of acquisition and high reactivity in the de-triorganosilylation reaction. This de-triorganosilylation reaction is readily run 
as an hydrolysis or alcoholysis, but methanolysis is preferred for the associated high reaction selectivity and ease of 
separation and purification. When the organofunctional group in component (iv) is the amino or carboxyl group, the 

30 methanol-based de-triorganosilylation reaction runs readily even at room temperature, but heating to temperatures of 
approximately 50°C is preferred in order to increase the reaction rate and bring the reaction to completion. Since the 
de-triorganosilylation reaction is an equilibrium reaction when the organofunctional group in component (iv) is the 
hydroxyl group, this reaction is preferably run using a catalyst while shifting the equilibrium to the product side through 
the introduction of a large excess of methanol with heating and by distilling the trimethylmethoxysilane by-product from 

35 the system. The catalyst is exemplified by organic acids such as acetic acid and propionic acid; by inorganic acids such 
as carbonic acid, hydrochloric acid, and sulfuric acid; by inorganic bases such as sodium hydroxide, potassium hydrox- 
ide, and lithium hydroxide; and by amines such as triethylamine, pyridine, and quinoline. Among these catalysts, car- 
boxylic acids are preferred for their high catalytic activity and ease of removal from the system by distillation after 
termination of the reaction and because they are largely free of siloxane chain scission reactions. Acetic acid and pro- 

40 pionic acid are particularly preferred. 

The hydrosilylation-reaction catalyst employed in the addition reaction in step (III) preferably comprises, for exam- 
ple, a Group VIII transition metal complex catalyst, and platinum-type catalysts are preferred in particular. Said plati- 
num-type catalysts are exemplified by the alcohol solutions of chloroplatinic acid, olefin/platinum complexes, 
platinum/vinylsiloxane complexes, and the like. This addition reaction can be run in the absence of solvent, but is pref- 

45 erably run in the presence of a suitable solvent, as exemplified by aromatics such as benzene, toluene, and xylene; 
aliphatics such as hexane and heptane; ethers such as tetrahydrofuran and diethyl ether; ketones such as acetone and 
methyl ethyl ketone; esters such as ethyl acetate and butyl acetate; chlorinated hydrocarbons such as carbon tetrachlo- 
ride, trichloroethane, and chloroform; as well as dimethylformamide, dimethyl sulfoxide, and the like. The addition reac- 
tion under consideration can be run even at room temperature, but a consideration of the addition-reaction rate makes 

so it advantageous to run this reaction generally at temperatures of approximately 50 to 200°C. 

The diphenylsiloxane-dimethylsiloxane copolymers according to the present invention as described hereinbefore 
contain both reactive organofunctional groups as well as the phenyl group which has a high affinity for organic resins. 
As a consequence of these attributes, this copolymer is useful as a modifier for organic resins in that, through its copo- 
lymerization with various types of organic resin monomer, it imparts the properties associated with organopolysiloxanes 
55 to the resulting organic resin. 

Examples 

The present invention is explained in greater detail below through reference and illustrative examples. 
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Reference Example 1 

Dimethyloligosiloxane (38.06 g, 125.45 mmol) with the following general formula was charged to a four-neck flask 
and cooled to below 1 0°C with ice water. 

CH, 

HO-(SiO) 3 8 -H 
CH 3 



While stirring under a dry nitrogen blanket, 10.12 mmol n-butyllithium was introduced as its n-hexane solution The tol- 
is lowing were introduced immediately after addition of the n-butyllithium: 319.5 g (1436.05 mmol) hexamethylcyclotrisi- 
loxane. 1 25.37 g (21 1 .08 mmol) hexaphenylcyclotrisiloxane. and 400 g tetrahydrofuran. After stirring for 5 hours with 
heating at 40"C, the hexamethylcyclotrisiloxane conversion was determined to be 99% by gas chromatography (GLC) 
The polymerization was then stopped by the addition of 46.06 g triethylamine and 28.71 g (303.48 mmol) dimethylchlo- 
rosilane. The product was recovered by fixation and then solvent removal in vacuo. This product was confirmed to be 
20 diphenylsiloxane-dimethylsiloxane copolymer with the following average formula by gel permeation chromatography 
(GPC). nuclear magnetic resonance analysis (NMR), infrared spectrochemical analysis (IR). and iodometric determi- 
nation of the weight% of silicon-bonded hydrogen. A yield of 96% and a dispersivity of 1.28 was determined for this 
diphenylsiloxane-dimethylsiloxane copolymer by GPC. The measured value for the %SiH was 0.051% while the calcu- 
lated value was 0.049%. 



CH, C,H, CH, 

,3 | 6 5 j 3 

H-(Si0) lg -(Si0),.-Si-H 
I I I 

CH 3 C 6 H 5 CH 3 

This diphenylsiloxane-dimethylsiloxane copolymer was designated as CP-1 . 
Reference Example 2 

The following were introduced into a four-neck flask and cooled to below 10°C with ice water- 263 1 g (1128 67 
mmol) hexamethylcyclotrisiloxane. 200.55 g (1011.37 mmol) hexaphenylcyclotrisiloxane, and 400 g tetrahydrofuran 
This was followed by the introduction of 126.45 mmol n-butyllithium as its n-hexane solution with stirring under a dry 
nitrogen blanket. After stirring tor 6.5 hours with heating at 40°C. the hexamethylcyclotrisiloxane conversion was deter- 
mined to be 99% by GLC. The polymerization was then stopped by the addition of 5. 1 3 g triethylamine (50.7 mmol) and 
14.36 g (151 .8 mmol) d.methylchlorosilane. Polymer was recovered by filtration and then solvent removal in vacuo. This 
polymer was confirmed to be diphenylsiloxane-dimethylsiloxane copolymer with the following average formula by GPC 
NMR, IR, and iodometric determination of the weight% of silicon-bonded hydrogen. A yield of 96% and a dispersivity of 
1.39 was determined for this diphenylsiloxane-dimethylsiloxane copolymer by GPC. The measured value for the%SiH 
was 0.030%. while the calculated value was 0.027%. 

CH 3 C 6 H 5 CH 3 

C 4 H 9 -(SiO) 28 -(SiO)g-Si-H 



CH 3 C 6 H 5 CH 3 



This diphenylsiloxane-dimethylsiloxane copolymer was designated as CP-2. 
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Example 1 



The following were combined: 40 g of the CP-1 (silicon-bonded hydrogen: 19.1 meq) prepared in Reference Exam- 
ple 1 , 2.95 g (22.85 mmol) trimethylsilylallylamine, and sufficient PtAetramethyldivinyldisiloxane complex to provide 20 
5 ppm platinum metal referred to the total of the first two reagents. After heating for 2 hours at 1 00°C, a sample was taken 
and submitted to infrared spectrochemical analysis: the absorption characteristic of silicon -bonded hydrogen had dis- 
appeared. The low boilers were distilled off by heating in vacuo to afford a transparent liquid. This was confirmed by 
NMR and I R to be diphenylsiloxane-dimethylsiloxane copolymer with the following average formula. 



CH 3 C 6 H 5 CH 3 



(CH3)3SiNHC 3 H 6 -(SiO)3 9 -(SiO) 5 -Si-C 3 H 6 NHSi(CH 3 ) 3 



This organopolysiloxane (42 g) was stirred for one hour at 50°C with 12.2 g methanol. The low boilers were distilled 
20 off by heating in vacuo to afford a transparent liquid. This was confirmed to be diphenylsiloxane-di methyl si Joxane copol- 
ymer with the following average formula by NMR and IR and measurement of the weight % amine group. The % amine 
was measured at 0.67%, while its calculated value was 0.79%. 



CH. 



25 



*6 H 5 



CH- 



NH 2 C 3 H 6 -( si0 )39-( sio ) 5 - si - C 3 H 6 NH 2 



CH. 



C 6 H 5 



CH- 



30 



Example 2 

35 

The following were combined: 40 g of the CP-1 (silicon-bonded hydrogen: 19.1 meq) prepared in Reference Exam- 
ple 1 , 2.61 g (22.85 mmol) allyl glycidyl ether, and sufficient Pt/tetramethyldivinyldisiloxane complex to provide 20 ppm 
platinum metal referred to the total of the first two reagents. After heating for 1 hour at 90 to 100°C, a sample was taken 
and submitted to analysis by IR: the absorption characteristic of silicon-bonded hydrogen had disappeared. The low 
40 boilers were distilled off by heating in vacuo to afford a transparent liquid. This was confirmed by NMR, IR, GPC, and 
determination of the weight% epoxy to be diphenylsiloxane-dimethylsiloxane copolymer with the following average for- 
mula. The %epoxy was measured at 1 .72%, while its calculated value was 1.96%. 



CH-, C/Hr CH-, 

45 | J | | 

CH^CHCH 2 OC 3 H 6 -(SiO) 3g - ( SiO ) 5 - Si - C 3 H 6 OCH 2 CHCH 2 



0 CH 3 C 6 H 5 CH 3 



so 



Example 3 

The following were combined: 40 g of the CP-1 (silicon-bonded hydrogen: 19. 1 meq) prepared in Reference Exam- 
ple 1 , 5.37 g (20.95 mmol) trimethylsilyl undecenoate. and sufficient PtAetramethyldivinyldisiloxane complex to provide 
20 ppm platinum metal referred to the total of the first two reagents. After heating for 2 hours at 90 to 100°C. a sample 
was taken and submitted to analysis by IR: the absorption characteristic of silicon-bonded hydrogen had disappeared. 
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GPc'r^r. 6 b/ h6a,in9 VaCU ° t0 afford a parent liquid. This was confirmed by NMR IR and 
GPC to be d.phenylsdoxane-d.methylsiloxane copolymer with the following average formula. 

(CH3)3 S iOCC 10 H 20 -(SiO)3 9 -(SiO) 5 -Si-C 10 H 20 COSi(CH 3 )3 
0 CH 3 C 6 H 5 CH 3 0 

70 



75 



20 



^3 C 6 H 5 CH 3 



H0 ? C 10 H 20^f iO )39-(f i0 ) 5 ^ i - C 10 H 20 COH 
B I | l l 

O CH 3 C 6 H 5 CH 3 O 



25 



30 



35 



Example 4 



CH 3 C 6 H 5 CH 3 

(CH 3 )3SiOC 3 H 6 -(SiO)3 9 -(|iO) -k-C 3 H 6 OSi(CH,), 

40 I I | J O J J 

CH 3 C 6 H 5 CH 3 



45 



50 



55 
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CH. 



<T6 H 5 



HOC 3 H 6 -(SiO) 39 -(SiO) 5 -Si-C 3 H 6 OH 



CH- 



C 6 H 5 



CH. 



10 

Example 5 

Diphenylsiloxane-dimethylsiloxane copolymer with the average formula given below was prepared as in Example 1 
75 from 40 g CP-2 (silicon-bonded hydrogen: 12.0 meq) prepared in Reference Example 2 and 1 .86 g (14.4 mmol) trimeth- 
ylsilylallylamine. The %amine was measured at 0.40%, while its calculated value was 0.47%. 

CH«5 ^^^c CH ^ 

I 3 I I 

C 4 H 9 -(SiO) 28 -(SiO)g-Si-C 3 H 6 NH 2 

OT 3 C 6 H 5 CH 3 

25 



Ex a m ple a 

30 Diphenylsiloxane-dimethylsiloxane copolymer with the average formula given below was prepared as in Example 2 
from 40 g CP-2 (silicon-bonded hydrogen: 12.0 meq) prepared in Reference Example 2 and 1.64 g (14.4 mmol) allyl 
glycidyl ether. The %epoxy was measured at 1 .06%, while its calculated value was 1 .25%. 



35 



40 



^3 ?6 H 5 ( ? H 3 



C 4 H 9 - ( SiO ) 28 - ( SiO ) 8 - Si - C 3 H 6 OCH 2 CHCH 2 



^3 C 6 H 5 CH 3 



Example 7 

45 

Diphenylsiloxane-dimethylsiloxane copolymer with the average formula given below was prepared as in Example 3 
from 40 g CP-2 (silicon-bonded hydrogen: 12.0 meq) prepared in Reference Example 2 and 3.7 g (14.4 mmol) trimeth- 
ylsilyl undecenoate. 

50 CH-, C,Hc CH- 

I 3 I 6 5 I 3 

C 4 H 9 -(SiO) 28 -(SiO)g-Si-C 10 H 20 COOH 

55 m 3 C 6 H 5 CH 3 
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Example 8 

Diphenylsiloxane-dimethylsiloxane copolymer with the average formula given below was prepared as in Example 4 
from 40 g CP-2 (silicon-bonded hydrogen: 12.0 meq) prepared in Reference Example 2 and 1.87 g (14.4 mmol) ally- 
loxytrimethylsiiane. The %hydroxyl was measured at 0.59%, while its calculated value was 0.50%. 



CH- 



," 3 i 6 " 5 r 3 

C 4 H 9 -(SiO) 28 -(SiO) 8 -Si-C 3 H 6 OH 



CH. 



10 



CH. 



C 6 H 5 



CH. 



15 

Thediphenylsiloxane-dimethylsiloxane copolymer according to the present invention is a novel compound that has 
at least one organof unctional group at its molecular chain terminals. The preparative method according to the present 
invention characteristically affords this novel diphenylsiloxane-dimethylsiloxane copolymer in good yields under mild 



conditions. 



20 



Figure 1 is an infrared absorption spectrogram of the diphenylsiloxane-dimethylsiloxane copolymer prepared in 
Example 1. 

Figure 2 is an infrared absorption spectrogram of the diphenylsiloxane-dimethylsiloxane copolymer prepared in 
Example 2. 

Figure 3 is an infrared absorption spectrogram of the diphenylsiloxane-dimethylsiloxane copolymer prepared in 
25 Example 3. 

Figure 4 is an infrared absorption spectrogram of the diphenylsiloxane-dimethylsiloxane copolymer prepared in 
Examples 

Claims 

30 

1 . A method for the preparation of diphenylsiloxane-dimethylsiloxane copolymers selected from a group consisting 
essentially of copolymers having the following general formula 



35 



40 



R 

I 



CH. 



?6 H 5 * 



RSiO(SiO)m(SiO)nSiA 

II II 
R CH 3 C 6 H 5 R 



B 



45 



CH. 



?6 H 5 * 



ASiO(SiO)m(SiO)nSiA 
II II 



R 



CH. 



C 6 H 5 R 



so wherein 

R is a monovalent hydrocarbon group; 

A is an organofunctional group selected from the group comprising the aminoalkyl, epoxy. carboxyl and 
hydroxyl groups, wherein such groups are bonded to silicon atoms through a divalent organic radical; 
55 m and n are both positive numbers such that they give a number-average molecular weight for the copolymers 

in the range of 500 to 1 00,000 

wherein said method comprises 
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(I) contacting (i) an organolithium compound with (ii) a mixture of hexamethylcyclotrisiloxane and hexaphenyl- 
cyclotrisiloxane in an aprotic organic solvent to form a first copolymer; 

(II) contacting the copolymer from (I) with a (Hi) a diorganohydridohalosilane to form a silicon hydride-modified 
copolymer; 

(III) reacting the modified copolymer from (II) with (iv) an aliphatically unsaturated compound that contains an 
organofunctional group selected from the group comprising the aminoalkyl, epoxy. carboxyl and hydroxyl 
groups in the presence of a group (VIII) transition metal complex catalyst 

(IV) recovering the diphenylsiloxane-dimethylsiloxane copolymers. 

Patentanspruche 

1 . Verfahren zur Herstellung von Diphenylsiloxan-methylsiloxan-Copolymeren ausgewahlt aus der Gruppe bestehend 
im wesentlichen aus Copolymeren mit der folgenden allgemeinen Formel 



A. R CH- C,H. R 

I I 3 I I 
RSiO(SiO)m(SiO)nSiA 

II II 
R CHj ^6^5 

B, R CH^ C.Hc R 

I I 3 I 6 5 I 
ASiO ( S iO )m( SiO )nS iA 

II II 
R CH- C.H,. R 



worin 



R eine monovalente Kohlenwasserstoffgruppe ist; 

A eine organofunktionelle Gruppe ist ausgewahlt aus der Gruppe umfassend Aminoalkyl-, Epoxy-, Carboxyl- 
und Hydroxylgruppen, wobei diese Gruppen an Siliciumatome uber einen divalenten organischen Rest gebun- 
den sind; 

m und n beides positive Zahlen sind, so, daB sich ein zahlenmittleres Molekulargewicht fur die Copolymere im 
Bereich von 500 bis 100 000 ergibt, 

wobei das Verfahren umfaBt, daB man 

(I) (i) eine Organolithiumverbindung mit (ii) einer Mischung von Hexamethylcyclotrisiloxan und Hexaphenyl- 
cyclotrisiloxan in einem aprotischen organischen LOsungsmittel in Kontakt bringt, urn ein erstes Copolymer zu 
bilden; 

(II) das Copolymer von (I) mit (iii) einem Diorganohydridohalogensilan in Kontakt bringt, urn ein siliciumhydrid- 
modifiziertes Copolymer zu bilden; 

(III) das modifizierte Copolymer von (II) mit (iv) einer aliphatisch ungesSttigten Verbindung umsetzt, die eine 
organofunktionelle Gruppe enthait, ausgewShlt aus der Gruppe umfassend Aminoalkyl-, Epoxy-, Carboxyl- 
und Hydroxylgruppen, in Gegenwart eines Ubergangsmetall-Komplexkatalysators der Gruppe (VIII), und 

(IV) die Diphenylsiloxan-methylsiloxan-Copolymere gewinnt. 

Revendications 

1 . Un procede pour la preparation de copolymeres diphenylsiloxane-dim^thylsiloxane choisis dans une classe cons- 
tituee essentiellement des copolymeres r^pondant k la formule g6nerale suivante 
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A. R CH- C.H,; R 

I I | | 
RSiO(SiO)m(SiO)nSiA 

II II 
R CH3 C g H 5 R 



B. R CH- C.Hc R 

I I 3 I | 
ASiO(SiO)m(SiO)nSiA 

II II 
R OT 3 C 6 H 5 R 



dans laquelle 

R est un groupe hydrocarbone monovalent ; 

A est un groupe organofonctionnel choisi dans la classe comprenant les groupes aminoalkyles. epoxy, car- 
boxyle et hydroxyle, ces groupes etant lies aux atomes de silicium par un radical organique divalent ; 
m et n sont tous deux des nombres positifs tels qu'iis donnent aux copolymers un poids molSculaire moyen 
en nombre compris dans I'intervalle de 500 a 1 00 000 

ledit procede consistant a 

(I) mettre en contact (i) un compose organolithie avec (ii) un melange d'hexam&hylcyclotrisiloxane et d'hexa- 
phenylcyclotrisiloxane dans un solvant organique aprotique pour former un premier copolymere ; 

(II) mettre en contact le copolymere provenant de (I) avec (iii) un diorganohydrurohalog^nosilane pour former 
un copolymere modif ie par I'hydrure de silicium ; 

(III) faire reagir le copolymere modif ie provenant de (II) avec (iv) un compost aliphatiquement insatur6 qui con- 
tient un groupe organofonctionnel choisi dans la classe comprenant les groupes aminoalkyles, epoxy, car- 
boxyle et hydroxyle, en presence d un catalyseur qui est un complexe de metal de transition du Groupe (VIII) 

(IV) recueillir les copolymeres diphenylsiloxane-dimethylsiloxane. 



1 0525782B1_I_> 



12 




5DOCID: <EP 0525782B1 J_> 



13 



EP 0 525 782 B1 




\ 



EP 0 525 782 B1 




5DOClD:<EP. 0525782B1J > 



15 




IS DOC ID: <EP 0525762B1_L> 



16 



